A time-of-flight technique has been used to measure residual charge in the scattering of laserproduced pulses of ck + (k = 1 to 4) and. Alm + (m =2 to 5) ions from a well-outgassed amorphous gold-iridium surface under UHV conditions (2X Torr). Ions incident at 7' to the surface were specularly reflected. The analysis showed the survival of singly charged ions in the case of scattering 300-, 400-, and 500-eV/charge A1 ions with neutrals representing the majority species. This is equivalent to a kinetic energy in a direction transverse to the surface of 4.5, 5.9, and 7.4 eV/charge, respectively, which ensures only minimal surface penetration. In the case of 280-eV/charge carbon ions, only neutrals were detected. No residual ions were detected. in either A1 or C ions scattered through an angle of deviation equal to or greater than 45" within experimental error. In a separate experiment no residual ions were detected in the case of 400-eV/charge Al ions incident at 22.5" to a gold surface and specularly reflected. The results are explained in terms of Auger neutralization of the multicharged ions on the incoming pass and resonance ionization and neutralization of lowcharge-state ions that emerge from the surface and change their charge on the outgoing pass. Under near adiabatic conditions, no residual charge is expected for either the aluminum or carbon projectiles. The presence of Al' under grazing-incidence and specular reflection is analyzed and discussed in terms of the nonadiabatic behavior of AI+ ions emerging from the surface.
INTRODUCTION
In a previous publication' we reported the survival of only singly charged aluminum ions when slow (near 400 eV per charge) multicharged aluminum ions (Alm+ where m = 2 to 6), incident at 7" to a gold surface, were specularly reflected. It was suggested that the ion-neutral fractions did not appear to be a strong function of the incident charge state and was consistent with a model in which the highly charged incident ions are rapidly Auger neutralized in a step-wise fashion2 to AI+ with neutralization completed by resonance neutralization since the ground state of A1° is 6.0 eV, which is below the Fermi level of gold. Since that preliminary report the apparatus has been improved and we now can report more quantitative results. Figure 1 shows our apparatus. The ion source is a laser ion s0urce.j The laser has been upgraded in power since the works described in Ref. 3 were done. This upgraded source was used in Ref. 1 and was used in the study of the end-point energies of Auger-ejected electrons when multicharged ions are near a gold ~u r f a c e .~ The ions are produced by 15-ns 800-mJ bursts of neodymium-doped yttrium aluminum garnet (Nd:YAG) laser light focused onto a solid target. The resulting plasma plume advances toward the entrance of a 180" electrostatic analyzer where ion packets with a particular energy per charge are selected. The ion packets travel through a deceleration-acceleration einzel lens ( L 1 ), ion gate (IG), and acceleration-deceleration einzel lens (L2) to the collision chamber where the gold-iridium ion target is housed. Scattering from the target takes place near grazing incidence at about 7" to the surface. The ion packets then are specularly reflected down the long charge analysis arm. The scattered packets pass through a screened retarding gap (RG) where the charged component is slowed and allowed to drift in an equipotential environment provided by a positively charged drift tube (DT). The ions pass through an exit screen and are accelerated back to ground potential. The ions impact onto a Galileo Chevron (channel plate) detector (C1) which we will refer to as a CEMA to be consistent with Ref. 4 . The charge separation is thus done through a time-ofBight technique (TOF) where the neutral component of the scattered packet arrives in time before the ionic component.
APPARATUS
The ion drift region is surrounded by a strong longitudinal magnetic field provided by magnetic coils (MC's). The magnetic field is necessary to prevent ion loss due to space-charge repulsion effects. The CEMA detection efficiency is not affected by the magnetic field because the pore size of the channel plate is much smaller than the Larmor radius of the secondary electrons induced in CEMA.
The CEMA detector is operated in this study with the front end at ground potential. This insures that for each ion packet that is scattered from the gold-iridium target the neutral component and the surviving ~l + component will each strike the CEMA at the same velocity. Since the first ionization potential for aluminum is only 6.0 eV, appreciable secondary electron production in the CEMA by potential ejection is not expected, and thus secondary electron production in the CEMA is essentially all due to kinetic ejection. Operating the CEMA front end at ground potential allows us to detect the neutral com-
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INTRODUCTION
The first definitive study of Auger neutralization of slow ions near metal surfaces was published by Hagstrum'*2 in 1954. In the first of these classic papers, he presented experimentally determined electron yields and energy distributions of electrons ejected during the neutralization of slow rare-gas ions near an atomically clean tungsten surface.' In the second paper2 he gave a theoretical analysis of his experimental results for singly charged ions. However, Hagstrum's published data also included the results for electrons ejected in the neutralization of the multicharged ions He2+, N e m + , A r m + , K r n +, and X e P + where m =2-3, n =2-4, and p =2-5.
From an analysis of the electron yields Hagstrum concluded that neutralization of multiply charged ions near a surface is likely to occur in a series of stages where each stage excites an electron inside the metal. No analysis of the end-point energies was performed. More recently, Varga et have obtained higher-resolution spectra of Auger electron energies produced by j 30-eV ~e * + , ~r~+ , A$+, ~r ' + , and x e 2 + impact on tungsten.
Arifov et aL4 have treated Auger neutralization of multiply charged ions near a metal surface, pointing out the ion can undergo a series of resonant and Auger neutralizations to high-lying excited states as the ion approaches the metal. Figure 1 schematically shows Auger neutralization where an electron is captured from the conduction band into an excited state of the singly neutralized ion. Any loss in excitation energy during the neutralization process goes into exciting another electron in the conduction band. If the excitation energy transfer to the conduction-band electron is sufficient and its momentum is properly directed toward the surface, then it may escape the potential well at the surface and be detected as an Auger-emitted electron. The ejected electron may have lost energy in collisions with the conduction electrons before finding itself free of the surface.' Thus the end-point energy electron in the broad energy spectrum of the emitted electrons provides a unique probe of the neutralization processes. These end-point energy electrons are the ones that have been given initially the maximum energy transfer in the neutralization process, have suffered little collisional loss with other conduction electrons, and have their origin in the top of the conduction band where the potential well depth is the work function d. These electrons thus have reason-
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C band -E~~ so cess. The slow ion carrying a charge of ( n + 1) + is incident on the metal surface. When the ion comes sufficiently close to the surface, electron capture from the conduction band takes place with the simultaneous ejection of the second electron with a kinetic energy Ek as measured at a distance from the surface. E, is the ground state of the singly neutralized ion.
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@ 1987 The American Physical Society I :I j to propagate normal to the growth striations. There is no similarly strong tendency to force propagation of dislocations in undoped material. The existence of prominent helicoidal dislocations in highly doped LEC GaAs is evidence of point defect supersaturation in the absence of large mechanical stresses. It ap-:I pears that by strengthening the crystalline lattice and hence reducing the total number of dislocations so that a critical 1 supersaturation of native point defects exists, Si and In doping indirectly drive the formation of helicoidal dislocations. Once the hescoidal dislocations have compressed during climb, they become excellent centers for impurity precipitation. Dislocation loops presumably punched out from these precipitates are seen in Figs. 4 and 5. This reasoning helps explain the identical defect morphology seen in Si-doped and 1 in-doped material despite the differences in concentration, solubility, and site occupancy of the dopants. Furthermore, the large dislocation density and lower activation energy for climb in undoped LEC GaAs permit similar point defect interactions and impurity segregation throughout the material without helicoidal dislocation formation. It has been suggested that thermal stresses play a role in creating defects in the center of the ingotn9 The work reported here shows i that the morphology cannot be explained by such arguments alone. This in turn implies that control of the thermal gradi-I ent is necessary but may not be sufficient to obtain defect-1 free LEC GaAs. of the melt." It is not possible, on the basis of the results reported here, to determine the type of point defects responsible for the morphology found in highly doped LEC GaAs. Stoichiornetry fluctuations during growth could be a cause. The work reported here thus suggests it is important to both measure and control the stoichiometry of the melt in order to eliminate the central defects from highly doped LEC GaAs wafers.
The authors would like to thank Bob Smith and Chia-Li Results of a time-resolved study of optical emissions from h~ghcurrent relativistic (6.5 MeV) electron beams propagating in air at a pressure of 1 SO mTorr are presented. The emissions included N+ lines at RA 4803,4630,4552, and 4530 A. Data were obtained on a single-shot basis by simultaneously recording the temporal history of all four ion lines. For propagating electron beam pulses, each ion line exhibited peak intensity a few microseconds after the passage of the 80-ns-wide electron pulse. This behavior is explained on the basis of inductive (magnetic) energy storage in the return current plasma channel. Spatially integrated plasma temperatures are measured to be in the 20 000-30 000 K range, reaching a maximum when the inductive energy storage has gone to zero.
Very little research has been reported regarding optical emissions induced by an intense (tens of kiloamps) pulse of relativistic electrons propagating in gases. Examples in the open literature are rare. "' As awnsequence, a spectroewpic study of optical emissions induced by such a beam in air was undertaken at the Air Force Weapons Laboratory, Kirtland Air Force Base in Albuquerque, New Mexico using the Pulse-Rad 1590 electron beam generator. Results of a phote graphic spectral survey have been published elsewhere.' The low-pressure air research reported here is part of a timeresolved follow-up.
A qualitative timeresolved study using streak photography has been reported for a beam in 350-mTorr air in which latetime atomic emissions were noted microseconds after the passage of the pulse.3 That work would be classified as a low-pressure study, as this pnsmt work, where nitre gen-and oxygen-ion emissions dominate the spectra.' At higher pressures ( > 1 Tom), the molecular nitrogen spectra dominates. '
The plasma temperatures can be measured spectroscop ically. Temperatures in lightning strokes have been measured by Pruitt4 by using time-integrated (photographic) nitrogen-ion line intensity ratios. This technique has been also used by wrights and Hughes' to determine timeintegrated temperatures in plasma channels generated by intense relativistic electron beams. The intent of the present study was to measure the time-resolved intensity ratios of N+ lines to determine the plasma temperature as a function of time.
II. BEAM AND PlASRllA CONSIDERATIONS
Many details of beam propagation such as the basic atomic processes in gas chemistry and plasma instabilities are not well known; however, the subject of beam propagation can be described in terms of basic buun electromagnetic interactions with plasmas.6 An intense dectron beam propagating in a gas creates a plasma channel which is sensitive to the self-fields of the beam pulse. The large azimuthal magnetic fields associated with the high-current beam pulse produce beam pinching. The rapidly changing fields near the beam head create strong electric fields which drive the newly created plasma electrons in the opposite direction ( Lenz's law). This return current of back electrons reduces the net c w e n t in the plasma channel. Electric fields are also created in the beam tail caused by the collapsing beam magnetic field which are in the direction to drive the plasmaelectrons in the beam direction. The magnetic fields associated with all currents compress the diamagnetic plasma. The return current persists in the channel after the beam pulse passage and decays with an inductive time constant L /R, where R is the inductance and R is the resistance in the plasma channel.
Thus, the following picture is presented. At the head of the e-beam pulse, electron avalanche processes occur. Fast secondary electrons, delta rays, etc. create a plasma channel in the wake of the beam head. ahe rise and fall of the e-beam current pulse produces large electric fields which drive the plasma electrons. Ionization rates are high. Immcdiady after the passage of the e-beam pulse, highly energetic nonthermal electrons are entrained in the plasma channel by the constricting self-magnetic field. Energy is stored in this field or, from an atomistic point of view, in the kinetic energy of these entrained electrons. The return current that persists in the plasma channel after the e-beam pulse has passed will continue to ohmically heat the plasma channel. The energy stored in the magnetic field surrounding the channel L I 'R, where L is the coaxial inductancc and l i s thenet current, will be dissipated in plasma heating. The ohmic heating loss in the channel is simply IZR, w k R is the resistance in the channel.
Ill. SPECTROSCOPIC TEMPERATURE

MEASUIREYEWTS
The late-time temperature that one measures spectre scopically in the returncurrent plasma channel is that which describes a Maxwellian distribution of plasma electrons dominating the reaction rats among the excited states of the optical emitters. It is Brst nwessary to show that conditions for local thermodynamic equilibrium (LTE) exist in the ex~ited states. Estimates of the validity of LTE require Heavy-ion source using a laser-generated plasma transported through an axial magnetic field Results of transporting a laser-generated plasma through magnetic fields are reported. Plasma plumes have been generated in strong magnetic fields, in directions both transverse and parallel to the field. Collective effects are demonstrated by the plasma while in the high-density state near the laser target. The formation of the plasma and its transport through an axial magnetic field enhances the relative amount of highest charge states and the lowest charge states. The focusing properties of the magnetic field near the extractor gap can prove useful in enhancing ion density at the anode aperture of the extractor gap. It is suggested that the duty cycle of laser ion sources can be extended by simply increasing the ion flight time through the magnetic field from the laser target to the extractor gap without appreciable loss of ions. Further, it is suggested that energy spread in a given ion species can be made small by using an extractor potential programmed to increase in time relative to the laser fire time.
PACS numbers: 29.25.Cy, 52.50.Jm
I. INTRODUCTION
Experimental results were reported in a previous publication' for extraction of heavy ions from a freely expanding plasma generated by 20-MW bursts of 1.06-p radiation from an active Q-switched Nd:Yag laser at a target power density near 10" W/cm2. Ions were extracted from the plasma by applying a 15-kV potential across the extractor gap. Potentially useful properties of the laser-generated plasma plume as a source of ions were pointed out. It seems appropriate to again enumerate these properties: (1) a copious supply of ions per laser pulse, (2) high states of ionization, (3) short plasma generation times, (4) highly directional plasma plumes which can be efficiently directed along a beam axis, (5) versatility in producing not only a multiplicity of charge states but also a variety of nuclear species, (6) a freeze in charge states with little recombination effects after the initial plasma generation, (7) simplicity in plasma generation since the target at high potential is optically connected to the laser at ground potential, and (8) the source contributes essentially no gas load to the vacuum system. However, the most obvious drawback to the laser source is its duty cycle since the repetition rate of a highpower laser is not particularly high. Our laser, a Holobeam 50504, has a maximum repetition rate of 50 pps. The length of a typical magnetically separated ion pulse under the conditions of Ref. 1 (30-cm drift distance from the target to the extractor) was -10 ysec. This would produce a maximum duty cycle of only 0.05% with our laser. Somewhat higher repetition rates are now available in present day lasers, but it is clear that an important concept in making the laser ion source more useful is increasing the duty cycle by other means.
One possibility of increasing the duty cycle is the use of magnetic confinement of the ions. However, past attempts in this direction have not been enco~raging. magnetic bottle where the plasma generated by a laser focused on a pellet target, situated near the center of the bottle, was allowed to expand in the presence of a magnetic field. The experimental evidence bore out the theoretical prediction that the plasma expansion transverse to the field could be slowed and even stopped, the lost kinetic energy going into heating the plasma, resulting in a redirected expansion along the magnetic axis. The ions then escape through the bottle necks first, L2+ followed by the other ions with H + the last to leave. Escape times varied from a few microseconds to about 150 psec for the H + component. Sucov et aL3 performed a similar experiment with aluminum pellets. However, they concluded that there was no evidence of any appreciable slowing of the motion transverse to the field. Their explanation was that the transverse motion separates the charge producing an electric field across the plasma which in turn leads to an E X B drift across the field lines. They further concluded that at most 5% of the plasma was trapped for a very few tens of microseconds. This motion transverse to the field is in qualitative agreement with the experimental results reported by Bruneteau et
II. APPARATUS
Several modifications were made on the basic apparatus described in Ref. 1 . The magnetic separation of charge states used the same basic technique. The ions are accelerated across an extraction gap giving the ions a known velocity large compared with the initial plasma velocity. The anode aperture diameter was increased from 1/4" to 1/2" while the extraction gap was also increased from 1/4" to 1/2". The laser target to extractor distance was increased 30 cm to between 60 and 70 cm. This increased the ion drift time and, hence, the temporal ion pulse length. Figure 1 is a schematic diagram of the experimental apparatus. The laser, laser target assembly, and Einzel lens, are all similar to those used in Ref. 1 . Figure 1 shows a large Faraday cup that measures the ion current that comes directly out of the Einzel lens.
I. Introduction
Formidable experimental difficulties are encountered in investigations involving optical measurements in the vacuum ultraviolet and soft x-ray regions. One of the most serious problems is that all materials absorb, to some extent, at these short wavelengths. The performance of optics designed to operate in this regime often rapidly deteriorates with use, depending on the ambient atmosphere. Contaminants and/or photochemical residues of contaminants on surfaces make it imperative that frequent checks of the efficiency calibration be made. These checks can best be done by using a source of radiation with a known spectral distribution of intensity. At present, synchrotron radiation represents such a source in the VUV. It is a primary source of standard radiation since the radiation can be fully characterized using the known operating parameters of the machine. Other sources calibrated against such a primary standard become optical transfer standards.
Any secondary standard should depend on a lightemitting mechanism characterized by a few simple, easily measurable parameters. If this is done, each secondary standard need not be individually calibrated (i.e., the mechanism is calibrated, not the lamp). Therefore, it is useful to have a lamp that operates in a hard vacuum and is easily scalable in intensity.
A lamp with these characteristics has been under study. It uses the electron impact on metals to produce the light. The electrons emerge from the cathode by both field emission and thermionic emission. It uses two different radiation mechanisms-transition radiation and bremsstrahlung-which predominately generate radiation in different wavelength regions.
Transition radiation, a surface effect, can be thought of as being produced by a collapsing dipole formed by the approaching electron and its corresponding image charge. When the electron disappears at the vacuum-metal interface, a pulse of light is emitted. The character of this radiation can be fully predicted by a semiclassical theory if the dielectric properties of the metal are known from optical reflectivity measurements. If the electron beam impinges normally on a thick target and the viewing direction is 45O, the spectral distribution of the radiation is reasonably simple. The theory of transition radiation's2 is well established and experimentally verified.3
Transition radiation from metal targets is a long wavelength phenomenon. For optical frequencies greater than the metal plasma frequency, the metal is not effective in shielding the electromagnetic field of the electron once it is inside the metal surface. The collapsing dipole and annihilation of the incident electron at the surface are no longer a valid characterization. For normally incident electrons and an observation angle 0, there is a sharp decline in the intensity of transition radiation for wavelengths h < A, cos0, where h, is the wavelength corresponding to the metal plasma I. INTRODUCTION The concept of using directed laser-generated plasma plumes as a source of heavy ions for accelerator-based physics is an intriguing one.'.2 Among the potentially useful properties of these plasma plumes are (1) a copious supply of ions per laser pulse, (2) high stages of ionization, (3) short plasma generation times, (4) highly directional plasma plumes which can be directed along the accelerator axis when certain targets are used (an invaluable characteristic for a low-emittance ion source), (5) versatility in producing not only a multiplicity of charge states, but also a variety of nuclear species, since all solids can be used for plasma sources, (6) the "freeze" in the ion charge distribution during the plasma expansion with little recombination effects, (7) simplicity in generation since, in principle, only a solid target is required at high potential which is optically connected to the laser at ground potential, (8) generation of plasmas from solid targets does not require differential pumping and gas transport through an anode aperture.
Ions have already been extracted from laser-generated plasmas and have been put to various but generally without appreciable consideration as a possible ion source for an accelerator. However, without modification the pulsed, explosive nature of the laser blowoffs is best suited for pulsed, high-current accelerators. Conventional pulsed machines, such as cylcotrons, require a higher duty cycle than can be currently attained with a laser ion source. Although both high power and moderately high repetition rates are currently available in both Nd:Yag and CO, lasers, our choice was a Q-switched 20-MW Nd:Yag laser, (Holobeam model 5050Q), capable of generating 15-nsec-0.3-J pulses at a wavelength of 1 . 0 6~ and a maximum repetition rate of 50 pps. Figure 1 is a schematic diagram of the experimental apparatus. The laser beam from the laser H, is bent by a right-angle prism P and sent through a window W in the high potential terminal. The laser beam is reflected through an angle of 45' by a mirror M and directed through a 4-cm focal length lens Land a thin glass cover slip C placed immediately in front of the lens. The focused laser beam impinges on a 2 i-in.-diam target disk T , which can be rotated by an electrically isolated stepping motor SM. The entire target assembly, including M, L, C, and T, is mounted on a translatable bench contained within a vacuum chamber. The laser beam produces a divergence limited spot of about 1 0 0~ in diameter, corresponding to a power density near 10" W/cm2 at full laser power. (Note: The glass cover slip C plays an important role in protecting the laser vacuum optics, since coating of the focusing lens with laser-sputtered target materials such as aluminum eventually creates a severe laser backscattering problem that can destroy both the lens and mirror. The protectivecover glass is replaced as routine maintenance even though no deleterious effect of the sputtered material on the cover glass has been noted.)
II. APPARATUS
The resulting plasma plume PL expands freely from the target to the extraction gap G, where positive ion extraction takes place across a a-in. gap. Both the extractor electrode and the anode have i-in-diam apertures with 100-mesh 1-mil-diam tungsten grids placed across them. After high-voltage extraction the ions then immediately pass through two grounded 16 mesh, 6-mil-diam tungsten screens S, which ease the space-charge repulsion effect (i.e., beam blowup). The ions are focused onto a pair of collimating slits CS by a double-gridded decel-accel short-focal-length Einzel lens El operating at the extraction voltage. The collimated ion beam then passes through the gap between the 4-in.-diam pole faces of the analyzing magnet A. The ions are magnetically separated into the various charge states present in the beam . --Bulletin of the American Physical Society, v 24, Issue 9, p 1 180-1 18 1, 1979 e n e r g i f o r a u t o i o n i z i n g l i n e s from helium was a l s o f o~n d .~T The r e s u l t s i n d i c a t e t h a t t h e autoionizing s t a t e s o f helium a r e perturbed by the coulomb f i e l d of t h e slow 'moving p r o j e c t i l e . This p e r t u r b a t i o n may cause t h e i n t e n s i t y and e n e r g y v a r i a t i o n as well a s , i n t e r f e re n c e between c l o s e l y l y i n g a u t o i o n i z i n g s t a t e s . *Work performed under U . S . Department of Energy c o n t r a c t EY-76-C-nti-lfi?n. . ----. -"-. 1 )~. B r a n d t , M. Prost, N. S t o l t e r f o h t . A b s t r a c t s of P a p e r s , . X I ICPEAC, Kyoto, Japan, p. 660.
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Rndiation t o ry 3 . 9 0 . T h e e l e c t r o n s i n these orbits s t a r t i n t e r f e r i n g w i t h e a c h o t h e r a n d of the 8 p o r b i t collaping i n t o t h e n u c l e u s . C o n s e q u e n t l y f u rt h e r E l e m e n t a l f o r m a t i o n o n w a r d s t o ~1 4 5 2 b ecomes i m p o s s i b l e . T h e c o n f i d e n t w a y of s y n t h es i s i n g s u p e r h e a v i e s i s t h e e x i s t i n g L a G e r -P e l l e t t e c h n a l o g y , u n d e r E.M. F i e l d s . p r e d i c t c o r r e c t l y a n d n e e d o h a n g e s . T h e o u t e r A t o m i c e y s t e m of e l e c t r o n starts p l a y i n g a dist i n c t r o l e i n d e t e r m i n i n g -t h e over-all s t a b i l it y . T h e s e c r i t e r i a of n u c l e a r a n d a t o m i c a t r u ct u r e t a k e n w i t h t h e p o s i t i o n of t h e n e w E l e m e n t i n t h e P e r i o d i c T a b l e p i n -p d i n t t h e s t a b i l i t y or o t h e r w i s e o f t h e E l e m e n t . I t h a s b e e n w o r k e a o u t i n t h i s s t u d y t h a t E l e m e n t 1 1 0 2 1 1 8 2 , 1 2 6 2 a r e ' etable a n d E l e m e n t 1 3 4 2 i s q u a s f -s t a b l e . E l e m e n t 1 1 4 2 , 3 2 2 2 , 1 4 2 2 a r e s e m i -s t a b l e . T h e c o n f i d e n t way t o r e a c h t h e S u p e r -h e a v i e s i s t h e e x i s t i n g L a s e r -P e l l e t t e c h n o l o g y u n d e r EM F i e l B . 
. .
ITniv. of C o n n . --~~+ +~~ c o l l i s i o n s a r e s t u d i e d a t energies (El from 1.5 t o 3.5 keV and at s c a t t e r i n g angles (0) corresponding t o ~0~< 7 . 5 Lev deg2. Pealrs i n t h e energy l o s s s p e c t r a a r e a t t r i b u t e d t o "quasi-elastic" and t o e l e c t r o n i c a l l y i n e l a s t i c c o l l i s i o n s . 1 The measured energy l o s s e s i n t h e "quasi-elastic" c o l l i s i o n s imply t h a t over most of t h e angular range t h e u2+ is s c a t t e r e d by a s i n g l e H atom i n t h e H2 t a r g e t . The experimental r e s u l t s suggest only a s m a l l amount of v i b r o -r o t a t i o n a l e x c i t a t i o n of the D~+ occurs. The dominant s m a l l angle i n e l a s t i c p r o c e s s e s occur w i t h threshold Q values of 9.4 and 12 eV. and a r e a t t r i b u t e d t o e x c i t a t i o n s , of t h e Hz, i n agreement w i t h t h e Pranck Condon p r i n c i p l e . i n v e s t i g a t e d a t s m a l l s c a t t e r i n g angles (0) t o study the threshold behavior of "quasi-elastic" ion-molecule s c a t t e r i n g . The r e s u l t s show t h a t a t an energy (E of 1 . 9 kcV t h e c o l l i s i o n is " e l a s t i c " f o r ~8~4 . 0 key degi, while 8 t h e r e s u l t s a t higher e n e r g i e s break away from t h e e l a s t i c l i m i c a t s m a l l e r ~0~ v a l u e s . 1 At 3.0 keV t h e c o l l i s i o n i s binary (occurring w i t h one H atom i n t h e molecule) s t a l l a n g l e s i n v e s t i g a t e d . The energy dependence of t h e break away from e l a s t i c s c a t t e r i n g i s pronounced. The i n e l a s t i c s c a t t e r i n g i n D++H~ shows a s i n g l e dominant 
Por d-H, l o y energy d a t a a r e i n agreement w i t h multis t a t e molecular t r e a t m e n t s of t h e c o l l i s i o n . Above 75 keV t h e d a t a a r e i n accord with the Born approximat i o n c r o s s s e c t i o n s . For H-H, a l l t h e o r e t i c a l t r e a tments of t h e c o l l i s i o n a r e i n poor accord w i t h experiment.
Howkver, f o r e n e r g i e s g r e a t e r t h a n 40 keV t h e measured c r o s s s e c t i o n s e x h i b i t an E -~ energy dependence, i n agreement with t h e o r e t i c a l l y p r e d i c t e d asymptotic behavior. Signif i c a n t d i f f e r e n c e s e x i s t between t h e present r e s u l t s and previous measurements. Data w i l l a l s o be p r e s e n t e d f o r a molecular hydrogen t a r g e t .
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Magnetic Analysis a f Las.er Generated plasmas.' L . G. Tungsten. The r e s u l t i n g laser-blowoff p l a s m i s a1 lowed t o d r i f t d i s t a n c e s of 15cm and 30cm before i t is e x t r a c t e d and focussed into a 15keV heavy-ion beam by an Einzel ,lens.
Subsequent magnetic a n a l y s i s o f t h e i o n beam s e p a r a t e s i o n charge s t a t e s up to ; ! = +6. The ions a r e c o l l e c t e d i n a h a r r a y o f faraday cups designed t o o b t a i n simultaneous
Bulletin of the American Physica 11 Society, v 24, Issue 4, p 677-677, 1979 -JF 13 Optical Emissions in the VUV from 2-keV Electron Impact on Tunqsten,* T. A. Heumier and R. H. H u g h e s , r k a n s a s . --A novel optlcal transfer standard lamo for t h e vacuum ultraviolet i s bein4 developed using brmsstrahlung and transition radla--tlon from electron impact on metals. The source depends on thermionically assisted high-field electron emission from a knife-edge cathode. The optical enriss ons have een semi-quant tatlvely studied from 1000 1 to 1100 Below ZOO0 1 the optical spectra is dominated by bremsstrahlung. The photon yield per unit wavelength Interval Increases as the wavelength decreases. Strong m i s s ons are observed from W targets t o a t l e a s t 400 a where i t becomes d i f f i c u l t t o separate f i r s t order spectra from specular reflection from t h e gratfng i n our Seya-Namioka spectrome er. The shortwave bremsstrahlung cutoff i s near 6 ! f o r 2-Lev impact. Back S c a t t e r i n g i n the Glauher Context. P. A. KAZAKS, New College o f USF, Sarasota -E l a s t i c s c a t t e r i n g i n t o back a n g l e s is examined i n t h e context of t h e Glauber approximation. m e u l t i m a t e goal is t o determine t o what e x t e n t t h e back a n g l e approximation can provide information i n a simple fashion about n u c l e a r s t r u c t u r e and hadron-nucleon i n t e r a c t
i o n s . Here t h e p o t e n t i a l s c a t t e r i n g model i s used. Two forms of t h e back s c a t t e r i n g approximation a r e discussed. They a r e t e s t e d by c a l c u l a t i n g w i t h f u n c t i o n a l £ o m t h a t a r i s e as o p t i c a l p o t e n t i a l s i n hadron-nucleus s c a t t e r i n g . The r e s u l t s of t h e calculations w i l l be presented and used to provide a z e r o t h o r d e r assessment of t h e usefulness
of t h e back angle approximation.
J G 2
Pion Exchange Contributions t o Nuclear Reactions a t Large Momentum Transfer. J. K~L L N E and P. C. GUGELOT, Univ. of Virginia?*--we have examined proton e l a s t i c back scattering.pA+l\p from l i g h t n u c l e i A-2.3.4, and t h e r e a c t i o n p '~e *~€ I e d a t intermediate e n e r g i e s ' T -100-800 MeV. In such r e a c t i o n s where one o r severa ! a r e t r a n s f e r r e d from the t a r g e t nucleus it i s common to c o n s i d e r t h e other t a r g e t nucleons a s p a s s i v e epectat o r e . T h i s approach works a t low e n e r g i e s and small r e c o i l momenta but beyond that regime t h e speccator model i s a l e s s f o r t u n a t e approach. L i t t l e remedy i s provided by c o r r e c t i n g of r e -s c a t t e r i n g e E f e c t s of t h e DWBA type. We find t h a t c h a r a c t e ' r i s t i c f e a t u r e s of t h e d a t a a t higher energies can be understood i n terms of pion exchange contributione which a r e q u a l i t a t i v e l y assessed i n terms of t h e sub-process p independent p a r t i c l e s h e l l model (IPSM) momentum d e n s i t y d i s t r i b u t i o n f o r 160 a r e calculated using t h e Brueckner theory of f i n i t e nuclei. The d e f e c t f u n c t i o n s a r e calc u l a t e d u s i n g a Reid " s o f t core B" two-nucleon i n t e ra c t i o n p o t e n t i a l with harmonic o s c i l l a t o r s t a r t i n g wave f u n c t i o n s , t h e c o r r e c t s h e l l model s t a r t i n g e n e r g i e s , nnd, P a u l i c o r r e c t i o n s . The s h o r t range c o r r e l a t i o n s a r e found t o s i g n i f i c a n t l y modify the IPSM momentum density d i s t r i b u t i o n f o r low momenta and t o dominate i t f o r h i g h momenta .
* Work supported by U. S. Department of Energy.
JG 4
High S p i n Unnatural P a r i t y Wtcitations i n t h e ( e , e ' ) , (p.pt), and (r,n') Reactions.' F. PETROYICH. and K. OLFIER, ---The a v a i l a b l a experimental d a t a f o r the e x c i t a t i o n o f high spin unnatural p a r i t y s t a t e s i n t h e ( e , e l ) , ( p , p 1 ) , &d (a,rrl) r e a c t i o n s now extends t o l e v e l s i n n u c l e i ranging from "C t o 2D%b. The t r a n s i t i o n amplitudes carrespanding t o e x c i t a t i o n of these l e v e l s have p a r t i c u l a r l y simple forms a n d d e f i n i t e 
R.R. WHITNEY and J.E. WIGE, U. o f V i r g i n i a . R a d i a t i v e c r r e c t i o n s f o r deep i n e l a s t i c e l e t r o n s c a t t e r i n g o n
58Fe at i n c i d e n t energies of sever$ hundred MeV, a n g l e s of 900 and 160b and f i n a l energies as low a s b0 MeV w i l l Glauber theory c a l c u l a t i o n of p-d e l a s t i c s c a t t e r i n g i n s p i n channels i e presented. D s t a t e admixture, CM + B r e i t frame transformation of . N-N amplitudes, and intermediate A-state c o r r e c t i o n s a r e included. The i n p u t p-p amplitudea a r e determined from a phase s h i f t a n a l y s i s of Hoshiyaki and n o t v a r i e d . For consistency t h e p-n amplitudes a r e taken from p-nucleus e l a s t i c s c a t t e r i n g f i t s using t h e aforementioned p-p amplitudes.
*
Work supported by U. S. Department of Energy.
JG 8
The Two-Nucleon Components of t h e Pion-Nucleus Optical P o t e n t i a l . D.O. RISKA and J. CHAI, Mich. S t a t e U.
--The a b s o r p t i v e and d i s p e r s i v e p a r t s of t h e two-
nucleon component of t h e pion-nucleus o p t i c a l p o t e n t i a l have, been computed using a two nucleon model f o r t h e pion a b s o r p t i o n mechanism involving pion end p-meson r e s c a t t e r i n g . The a b s o r p t i v e p a r t of t h e S-vave i n t e ra c t i o n parameter B is somewhat smaller than t h e v a l u e obtained from pionoatom l e v e l widths a t t h r e s h o l d and it i n c r e a s e s emoothly w i t h energy. The d i s p e r s i v e p a r t of B is v e r y s m a l l and s e n s i t i v e t o t h e vavefunc t i o n corr g l a t i o n s . The a b s o r p t i v e p a r t of t h e P-wave p o t e n t i a l paraueter C i s i n reasonable agreement with t h e pred i c t i o n s fr8m pion atom l e v e l widths a t threshold, and very s t r o n g l y energy dependent. The d i s p e r s i v e p a r t of Co l a of t h e same magnitude a s InCo.
Bulletin of the American Physical Society, v 24, Issue 4, p 663-663, 1979 device using a short pulse Nd: glass laser i s proposed.
A l i g h t u l s e propagates in a plasma with group velocity S c ( l -u /w21% and the ponderomotive force of the photons leaves gehind a t r a i n of plasma waves as a wake with phase velocity same as t h c photon group velocity. Such plasma waves trap electrons and are efficient accelorators of electrons t o high energy. Either by preaccelaration or by density gradient it might also be possible t o accelerate ions. The maximum energy electrons can gain Light ion beaus a r a of i n t e r e s t as an energy source f o r ablatively driven pellet8 f o r i n e r t i a l confinement fusion. The ion beam d e p o s i t a ' i t s energy in a much thicker region of the ablator material reeulting i n more ablator material being b l m off a t a lower velocity and hence a Lower efficiency of transfer of energy t o the payload. One way t o overcome t h i s i s to p u t a heavy tamping material a t the outer edge of the ablator. The mass of t h i s tamping material must be chosen s o that t h e Bragg peaks fo; a-given ion beam will occurr i n t h e ablator material. A quasi-Lagraagian one dimensional hydrodynamics code has been developed vhich allows an t o treat interfaces of materiels v h i l e maintaining the desirable features of Plw-Corrected Transport i n semi-Eulerian mode. We present r e s u l t s f o r cnlculations of proton beams absorbed i n a sandwich layer of gold md plastic. We investigate the optimum thicknesses of t h e gold and p l a s t i c layers in. terms of energy tranafer and maximum velocity obtained f o r the acceleratad aavload. HI 5 Tim -of -F l i n h t Analvses of M a g n e t i c a l l v -S e u a s BLowoffs. C . K . MANKA,Sam Houston S t a t e U s a n d
H.ZINKE,Uof ArkansasQ9:--Plasma produced f r o m blowoff by 25-MW,Q-switched YAG l a s e r b u r s t s o n C , A l ,Cu , a n d Pb was a l l o w e d t o d r i f t , a n d t h e i o n s w e r e t h e n e x t r a c t e d and f o c u s s e d by a n E i n z e l l e n s o n t o a magnetic a n a l y z e r w h i c h p r o d u c e d c h a r g e -s t a t e s e p a r a t i o n . Each c h a r g e s t t was a n a l y z e d by t h e time-of -f l i g h t t c c h n i o u e a 1 5 . E x c e l l e n t f i t s t o Maxwsll-HI 8 Intense Relativistic Electron Beam Expanding into a Field-Free Vacuum*. F. MURRAY**, D. PERSHING, J. SMITH, and W. 0 . DOGGETT. North Carolina State Univ., Raleigh, N. C.--An intense re=<vistic electron beam produced i n NCSU' a 7 ohm diode (0.5 MeV, 70 M) i s fired throuah a hole i n the anode ~l e t e i n t o a field-free
The transmitted portion of t h e beam expands as a result o f i t s own aelf fields. A principle diagnostic employed i s blue cellophane film which is calibrated to give current density a s a function of change i n transmission coefficient Eor red light. The transmission coef f icienc i s determined on an optical microdensitometer which has been modiEied to accommodate He-Ne laser a8 i t s l i g h t source. The calibration constant which relates t h e current density t o the change i n transmission agrees within experimental error with e p r e v i o~s l y published value at. much lower dose depdsition r a t e . Preliminary resulta w i l l be presented vhich show the radial beam profile a s a function of a x i a l p o s i t i t l .
~o ' l t z m i n n d i s t r i b u t i o n s were observed and t h e plasma t e m p e r a t u r e and f l o w v e l o c i t i e s were *Supported by AFOSR Contract No. F49620-76-C-0007 c a l c u l a t e d . N0n-common t e m p e r a t u r e s f o r i o n s **On sabbatical leave from U. of Scranton. Scrantnn, PA o f d i f f e r e n t c h a r g e s t a t e s from s i n g l e plasmas Bulletin of the American Physical Society, v 24, Issue 9, p 1 18 1 -1 18 1, 1979
measurements of the Z = +1 t o 2 = t6 ion currents, Time-oi m e n t of c o r r e l a t i o n a h d r e l a t i v i s t i c e f f e c t s i n both f l i g h t analysis Of t h e individual ion current signals y i e l f closed-or o p e n -s h e l l m a n y -p a r t i c l e s y s t e m s . estimates of t h e i o n flow velocities while absolute measurt ments of the charge c o l l e c t e d i n each faraday CUP gives thl *Supported in p a r t by t h e National Science Foundation. number of ions I n a p a r t i c u l a r charge state. 'K. -N. Huang. Rev. Mod. Phys. 51, 215 (1979) C 22 MEHD: Magneto-Electric ~~d r o d~n a m i c a * .
K. T. LU,
Argonne National Laboratory, Argonne, I l l i n o i s 60439--Conspicuous e f f e c t s of t h e motlonal s t a r k p o t e n t i a l on h i h11 excited and ionlzed atoms have recently been realized. 4
In t h l s l i g h t , it is suggested here t h a t MxD programs (as cuatornar~ly a p p l i e d t o t h e study of coal o r gas burning o r a s t r o p h y s i c a l phenomena) should r e a l l y be called MEKD instead. Namely, not only a r e t h e magnetlc p r o p e r t i e s important, but t h e e l e c t r i c properties -induced by t h e thermal motion of t h e elements i n t h e presence of strong . .
--~---.
dielectronic recombination w i l l b e described. I n i t i a l
C23
Atomic and Molecular Studiea a t the NSLS."
Brookhaven National Lab.--An apparatus f o r the study of atomic and molecular systems using the National Synchrot r o n Light Source i s under construction. Designed t o o f f e r optimum versatility it w i l l be available for use by o u t s i d e s c i e n t i a t e when the NSLS commences operation e a r l y i n 1981. A v a r i e t y of vacuum components and a n c i l l i a r y hardware w i l l b e provided together with a high f l u x , medium r e s o l u t i o n , normal incidence monochromator and a s s o c i a t e d beamlini. Photon fluxes of 1 0~~-1 0 1 4 eec-I i n t h e wavelength range 2000-300 1( w i t h 0.25 1( r e s o l u t i o n should be available from the instrument. Early p r o j e c t s by i n house s t a f f w i l l include photoionization mass spectrometry of radicals. molecules, and c l u s t e r 8 produced i n a helium seeded supersonic nozzle source. Rearrangement of t h e equipment f o r molecular beam sampling of flames Y l l l b e diacusaed. measurementa t o determine t h e recombinat i o n of t r i p l y charged carbon ions have begun with electrons a t energies j u s t below t h e 2 s + 2 p e x c i t s t i o n threshold near 8 eV. Two products of individual d i e l e c t r o n i c recombination events a r e detected i n coincidence--the recombined ion and t h e photon from the s t a b i l i z i n g transition. The recombined ions a r e detected d i r e c t l y using conventional charge s t a t e a n a l y s i s o r i n d i r e c t l y using f i e l d ionization techniques. Experimental considerations w i l l be outlined and progress reported. *Work supported by t h e Smithsonian I n s t i t u t i o n under the Reseercn Awards Program and t h e Fluid Research Fund.
C28
Dissociative M u l t i p l e t S p l i t t i n g s i n t h e 3d5 Configurntiona.
ANJANI R. MEHRA, University of ~iscdnsin-re en Bay --A comparative study of t h e energy l e v e l s of transition metal i o n s with d5 configuration i s carried out. The importance of varioua i n t e r a c t i o n s i n t h e calculation of energy l e v e l s is examined. Becauge of t h e half f i l l e d s h e l l t h e s p i n -o r b i t interaction does not have a f i r s t order e f f e c t s o t h a t the o v e r a l l term s p l i t t i n g s a r e found t o be gmall. The r o l e of apin-other-orbit and spin-spin i n t e r a c t i o n s i s examined. For Mn 1 1 1 t h e r e a r e experimentally messured four quartet and eight doublet terms which s p l i t i n t o 31 levela. The 12 terms determine t h e e l e c t r o s t a t i c interactions and the 19 m u l t i p l e t s p l i t t i n g determine the spin dependent i n t e ra c t i o n s . The c a l c u l a t e d energy l e v e l diagrams a r e found t o be i n good agreement w i t h the experimental valuea.
C 25 R e l a t i v i a t i c Equatian-of-Moti on Approach t o T r a n e i t f o n P r o c e s s e s i n M a n y -P a r t i c l e Systems. * Its s a l i e n t featuren include e l e c t r o n c u r r e n t s of micro-amperes, a polarization of 43X, r a p i d , e x t e r n a l polarixation r e v e r s a l , high brightness and a narrow energy d i s t r i b u t i o n . The opera t i n g c h a r a c t e r i s t i c s and p r i n c i p l e vill be described and i l l u s t r a t e d by examples of its use i n t h e study of s p i n dependens electron s c a t t e r i n g r e s~l t i n g~f r o m both coupling and t h e e%change i n t e r a c t i o n . [1959] . The protons were extracted from that the radiation is primarily from H atoms with kinetic the ion source by applying 2500 V across the extraction gap. energies below 10 keV. Rocket soundings during aurorae give The beam was focused by an Einzel lens system. The Protons ion spectra which' support this concept of low-energy ex-were magnetically selected and sent through a Single potential citation [Birely and McNeal, 19711. This paper reports the first gap that determined the final beam energy. The Protons then phase of an investigation of excitation processes involved in entered a differentially pumped collision chamber through a low-energy proton and H atom impact on N1, namely, the grounded kinch by &inch aperture. The collision chamber excitation of the N,+ 3914-A band emission by 0.1-to 6.0-keV also acted as a Faraday cup. The &inch opening to the Faraproton impact on N,. 
The experiment of Wehrenberg and Clark [I9731 suggests that the electron capture reaction (I) dominates at low energies (below 9 keV). This is intuitively reasonable. The energy defect R for the direct double-electron excitation reaction (2) of TTF with C l , B r , and I were grown and s t u d i e d . The r e s u l t s of v a r i a b l e temperature conductivity msasuremants w i l l be presented, along with s t r u c t u r a l r e s u l t s of room temperature XRD a t u d i e s . The cond u c t i v i t y of FTF,I, i s unusual i n t h a t t h e "metal-insulator" t r a n s i t i o n shows a 40K h y s t e r e s i s upon t e m p e r a t u r e c y c l i n g . 
GI
The microwave conductivity a t 1 0 GHz a g r e e s precisely with t h e d.c., and t h e microwove d i e l e c t r i c constant is l a r g e and negotive throughout t h e t e m p e r a t u r e range. Cryetallographic, magnetic, and thermodynamic d a t a a r e 1 0 K i s g r e a t e r t h a n 103 a t 9.5 me. A contactlese 
it i s thought t h a t t h e method cannot give c o n d u c t i v i t i e s h i g h e r than t h e t r u e values, even i n the presence o f high e l e c t r i c a l anisotropy.
This l a s t c h a r a c t e r i s t i c i s of p a r t i c u l a r importance with
regard t o t h e m g a n i c s a l t TTP-TCNQ where four-probe D.C. methods a n t problematic because of extreme e l e c t r i c a l 
anisotropy. W e have applied t h e method t o a number of TTP-TCNQ c y s t a l s grown a t UBC whose dimensions gave fundamental resonances i n t h e 10 t o 30 CHz range. It was found t h a t t h e shapes o f t h e a vs T curves were almost i d e n t i c a l t o D.C. conductivity r e s u l t s obtained a t UBC on c r y s t a l s of similar o r i g i n . oleo preaented. Our finding8 are c o n s i s t e n t with the t h e o r e t i c e l r e s u l t t h a t f l u c t u a t i o n s c a n enhance the r e s i s t i v i t y of a one-dimensional m e t a l a s T+O.
GI 1 5 Electron Paramagnetic Resonance i n ~n i a o t r o p i c
. Sloan Foundation Fellow s e c t i o n , o r i e n t e d p a r a l l e l t o an applied rf magnetlc f i e l d have been s t u d i e d . The solution f o r the panet r a t i n g r f f i e l d has been found i n the form of a Fourier
GI 1 3 Measurements of the E l e c t r i c S u s c e u t i b i l i t y and
DC Conductivity of C r y s t a l l i n e TTF-TCNQ.
J . P . FERRARIS
and T. F. FINNEGAN, National Bureau o f Standards (Wash., D.C.1--Crystals of TTF-TCNQ w e r e grown under an i n e r t Ar atmosphera from m u l t i p l y gradient-sublimed
TTF and TCHq i n q u a d r u p l e -d i s t i l l e d CH3CN solvent v i e t h e U-tube d i f f u s i o n technique.
The microwave conductivity along t h e b-axis of l o n g ( -4 m), thick (-0.1 wa) c r y s t a l s has been measured between 5 and 300 K vio a c a v i t y p e r t u b a t i o n t e c h n i q u e and i n t e rp r e t e d consistent w i t h the s k i n -d e p t h formalism of Khonna, Cohen, end co-workers.
The maximum conductivity observed i a obout 40-50 times t h e room temperature v a l u e and i s i n good agreement w i t h t h e maxima i n f a r r a d from d c conductivity d a t a .
I n t h e insulating s t a t e , the d i e l e c t r i c constant a l o n g t h e b-axis near o f Arkansas.--Measurements ~f f i n e structure in the n=3 states of deuterium by the microwave-resonance optical method of Lamb have yielded, through the signal strengths, information on the relat-ive rates of productjon of 3s. 3p and 3d atms when D2 Is bombarded by electrons. W e have also examined the electron-energy dependence near threshold of the microwave slgnal strengths and total
s e r i e s , and t h e average d i s s i p a t e d power and average energy s t o r e d have been calculated. The changes i n resonant frequency and q u a l i t y f a c t o r of a microwave c a v i t y i n t o which a sample h a s been introduced a r e expressed i n terms o f t h e s t o r e d energy and d i s s i p a t e d power. Application is made t o t h e EPR,ahsorption due t o s p i n s uniformly d i s t r i b u t e d through the s m p l e , a s o u t l i n e d by
Blcenbergen. The asyrrrmetric resonance l i n e i s s i m i l a r t o t h a t of the i n f i n i t e p l a t e , but t h e peak l i n e anisotropy i s reduced a s sample dimensions a r e decreased. For s m a l l samples of TIT-TCNQ the analysis p r e d i c t s a t r a n s i t i o n from a n anisotropic l i n e a t room temperature ko the akin-depth limited l i n e a t 58 K, with a maximum a n i s o t r o p y a t intermediate temperatures.
Inclusion of displacement c u r r e n t does not modify t h i s conolus ion.
COLLlSlONAL AND MOLECULAR PROCESSES light received through a Balmer-Alpha Interference f i l t e r . Anomalously sharp structures (0.01 eV) are observed In both. Absolute cross sections for the destruction of hydrogen metastable atoms [H(2s)] have been measured for impact on He, Ar, H,, and N, in the energy range from 20 to 120 keV. Cross sections have also been measured for the collisional ionization of H(2s) by impact on H, in this same energy range. The analysis of the collisional destruction of H(2s) includes electron capture into unbound states of the negative ion with subsequent loss of the excited state as one of the quenching mechanisms in this energy range. Collisional ionization (direct electron loss) of the metastable projectile accounts for most of the remaining destruction. Within experimental error, collisional ionization and electron capture can entirely account for the destruction by impact on He. Additional quenching mechanisms are required for impact on the other targets. It is found that about 70% of the noncapture destruction is accounted for by collisional ionization in these cases. The results for destruction by impact on the molecular gases, N, and H,, appear to be adequately explained by the inclusion of dipole-quadrupole electric-field quenching as the third mechanism.
I. INTRODUCTION
The destruction of fast metastable hydrogen by collisions with gas targets has been the subject of s e v e r a l previous experimental investigations in the energy range of the present experiment. These include the work of Dose et ale1 (2-60 keV), Gilbody et a1.' (10-30 keV), and Krotkov et aln3 (0.25-30 keV).
Collisional ionization (direct electron loss) has been recognized a s a major source of destruction. Bates and Walker4 have formulated expressions using a classical impulse approximation which can be used to estimate collisional electron loss by fast excited atoms. C r o s s sections for this proc e s s have been measured by Gilbody et al. ' (10-30 keV) and Hughes and Choe5 (20-120 keV). The experimental evidence indicates that caution must be exercised in the general use of these expressions a t low energies, possibly due to approximations used in simplifying the integral^.^ Hughes and ~i s n e r ' have suggested that electron capture i s a n important p r o c e s s in the quenching of excited states. Bates and Walker have pointed out that the field of the electron in the excited hydrogen i s not well shielded by the field of the proton. Conversely then, the field of the proton is not well shielded by the electron and therefore electron capture should be an important process i n the destruction of excited s t a t e s . C r o s s sections for formation of stable negative ions a r e ~r n a l l .~.~ Hughes and Choe5 point out, however, that electron capture can still be a n important destruction mechanism since electron ejection f r o m unstable negative-ion s t a t e s is a probable process. The "separated-particle" picture of the excited hydrogen atom, of course, neglects the polarizing field of the bound partner in the collision interaction. The electric fields produced during the collision can quench the excited state by inducing transitions to bound states, a s well a s unbound states, of the hydrogen projectiles. These can be thought of a s transitions produced by the interaction of the hydrogen dipole with the electric field moments of the targeL7 The target may have p e rmanent electric moments o r may have moments induced by the electric field of the fly-by hydrogen projectile.
APPARATUS AND EXPERIMENTAL TECHNIQUE
The apparatus i s the s a m e a s that described by Hughes and C h~e .~ A magnetically analyzed proton beam i s sent through a differentially pumped neutralizing chamber, emerging into a n evacuated chamber containing a long-path, weak, t r a n s v e r s e electric field designed to sweep the remaining protons from the beam but not to appreciably deplete the H(2s) content in the beam. After leaving this field, the beam i s composed almost entirely of H(1s) and H(2s) atoms.
Before entering the differentially pumped collision chamber, the beam p a s s e s through a s e r i e s of electrodes designed to apply a pulsed shortpath longitudinal electric field sufficient to quench th& H(2s) atoms. With the pulsed quench field off, the density of H(2s) a t o m s in the beam after p a s sing through the collision chamber i s where n,, i s the density of H(2s) atoms a t the entrance to the collision chamber, n,, is the density A crossed-beam apparatus with electron beam resolution 22-35 meV i s used to study the abaolute differential vibrational cross sections to v-1 and -2 of the ground s t a t e of NZ, i n the energy range 1-30 eV. Two new broad resonant peaks are observed near 8 eV and 13.7 eV respect i v e l y , and they are interpreted as shape resonances. -In CO, which i s i s electronic with N2, an additional mechanism wea found:' Sharp structures have been observed i n the e l a s t i c and vibrational cross sections a t en rgies coincident with the FO, 1 and 2 levels of t h e 3 1~-s t a t e of CO. The l a r e electric dipole moment (1.38 D) associ-4 a t e d with the a ]I state appears sufficient t o bind tempor a r i l y the incoming electrons a t or near the tap of the potential well.-In N20, the vibrational excitation via the 2.3 eV 2~ resonance i s found to consiet of four s e r i e s of modes (nOO,nlO,nOl and n02). The present experiment together with the calculation of Dub6 and Herzenberg sh w that the impulse-limit theory i s appli-9 cable t o the s t a t e of N20-. *work supported by NSF and by DNA through AROD ~s . F . Wong and G. J. Schulz, Phys. Rev. Letters 33, 134 (1974) 
13-2 V i b r a t i o n a l a n d R o t a t i o n a l E x c i t a t i o n
o b Low-n e r ~l e c t r o n s * --M .~o r r i s o n % F . l a n e , :hYs?zs Department, R i c e U. : n e l e c t r o n -C 0 2 c o l l i s i o n s , r e l a t i v e l y l a r g e A j = f 1
r o t a t i o n a l -e x c i t a t i o n a n d de-exci t a t i o n c r o s s a e c t i o n a a r i s e from t h e ( t r a n s i e n t ) d ip o l e moment which accompanies t r a n s i t i o n s bet w e e n t h e ground s t a t e (000) a n d t h e b e n d i n g m d e (010).
A model1 i n which t h e e l e c t r o n i s s c a t t e r e d from a " f r o z e n d i p o l e " i s shown t o y i e l d a t o t a l s c a t t e r i n g c r o s s s e c t i o n u n d e r r e s t r i c t e d c i r c u m s t a n c e s . c r o s s s e c t i o n s f o r t r a n s i t i o n s i n v o l v i n g t h e b e n d i n g mode 010 w i l l b e p r e s e n t e d a n d d i s c u s s e d . SESSION E ELECTRON EXCITATION OF MOLECULES I E-g v i b r a t i o n a l E x c i t a t i o n a n d T r a n s m i s s i o n S p e c t r o s c o p y i n Hydrogen H a l i d e s . * J . P. Z I E S E L~ I. NENNER and G. J. SCHULZ. Y a l e U . --V i b r a t i o n a l e x c i t a t i o n n e a r t h r e s h o l d h a s b e e n s t u d i e d i n
HCI (v = 1 , 2 ) a n d DCI(v = 1 , 2 , 3 ) w i t h a t r a p p e de l e c t r o n a p p a r a t u s .
The v i b r a t i o n a l c r o s s
s e c t i o n s r i s e s t e e p l y n e a r t h r e s h o l d a n d l e v e l o f f a b o u t 6 0 meV above t h r e s h o l d . The magnit u d e s o f t h e s e c r o s s s e c t i o n s h a v e b e e n measured ( a b o u t 10-l5 cm2 f o r HC& V = 1 ) a n d a r e i n t e rp r e t e d i n t e r m s o f r e s o n a n t c o n t r i b u t i o n s . These l a r g e v i b r a t i o n a l c r o s s s e c t i o n s produce s t r u c t u r e i n t h e t r a n s m i s s i o n s p e c t r a of H c~, HBr and t h e i r i s o t o p e s . -0.12 -0.19 the i n t e r a c t i o n e n e r g i e s b e t w e s n e n e n t i o n e r s . These coefficients agree with the theoretical values These e n e r g i e s , t o g e t h e r with t h e n e a r -z o n e t o within l o \ o r better.
A d d i t i o n a l f e a t u r e s a r e a t t r i b u t e d t o Wigner
e n e r g i e s , a r e w r i t t e n in t e r n s o f t h e o p t i c a ; shell corrections A 1 , and t h e conventional density carthough slight dependence on of the total c r o s s s e cmctions A ? . the ne:r c o r t e c t i o~s A3 and A4 a r e inclcded, tion was found, all calculated total sections the thecretical 2nd thc e n e r i r e n t a l values are i n excellent a?reenent. Correction dg corresnonds to an an-"gree with data.
proxinste incrazse of 6% i n I . aualytical technique f o r depth microscopy and mass a n a bantes, aa, ac, ee, aC. C E and f 3 a r e stud led a t fieo f t h e sls. To establlah ~n absolute depth scale, the energy quencies between 2800 and 3900 M H z and f ields betmen :ndence Loss of the ion m u t be Im-. A new technique has been developed t o measure the polaced r e s u l t s they a r e canpared with theory which 1004.
crose sections of high ions (> 9 0 kev) I S expanded t o include mot lonal e l e c t r i c f lelds lo gsses. This technique minimizes end-effect problms according t o the speed dlstrlbution measured for by paasing t h e ions through a long grn c e l l and ellmin* m t a s t a b l e H by Rob1 scoe e t a I . The anal ys l s and count-rate difficulties by detecting these ions after i t s results wlll be discussed. specifically for t h i s purpose. The spectrometer vas coherence corresponding to a few times t h e d i f f r a c t i o n excimer d e a c t i v a t i o n by Penning i o n i z a t i o n is evident limit, and a s h a r p o s c i l l a t i o n t h r e s h o l d . Energy t r a n sa t high excimer d e n s i t i e s . The r e s u l t s a r e compared f e r processes and o p e r a t i o n o f the xenon system have been with recent experimental measurements of excimer decay explored i n argon/xenon mixtures.
following pulsed e x c i t a t i o n under conditions of both high and low e x c i t a t i o n density. he a p p l i c a t i o n of P This workms perfoned ,,,,der the auspices of the United t h e r e s u l t s t o t h e development of uv l a s e r a based on S t a t e s Atmic Energy Carmission.
t h e r a r e gas excimer bands w i l l be discussed.
G-3
Excimer Formation and Decay processes i n Elec-G-4 S ntaneous and Superradiante E m i s s i o n a t t r o n Excited High P r e s s u r e Rare Cases. D. C. m . 3 1730 i n E n o n Gas a t Law Temperature. Franck C o l l i e r Stanford Research I n s t i t u t e . energy deposition processes, and c o~i s i o n a l asaocia--SO0 C < t < + 25' C. At lm temperature, l a r g e increase t i o n , recombination and r e l a x a t i o n r e a c t i o n s occurring i , i n t e n s i t y , spectral n a r r m i n g and higher conversion i n e x c i t e d r a r e gases. Excimer formation and decay e f f i c i e n t (of about 60 %) a r e achieved. Population r a t e s i n Ar and X e a r e c a l c u l a t e d a s a function o f atom inversion i s e a s i e r . Superradiant c h a r a c t e r i s t i c and e x c i t a t i o n density. The importance of excimerparameters a r e given. dependence upm the t a r g e t gas pressure. Secondary e x c i t a t i o n of the t3nU s t a t e by c o l l i s i o n a l t r a n s f e r
--
* f r o m m e t a s t a b l e s t a t e s i s b e i n q i n v e s t i q a t e d a s a f u n c -
ResearchsponsoredbyttreU~S~AtomicEnewCommi~~ion
tlon of the gas p r e s s u r e , e l e c t r o n beam c u r r e n t , e x c i t adercontract witfrUnion Carbide COqration' New J e r s e y 07974. cm2/sr and the peak c r o s s s e c t i o n s t o consecutive higher Nitrogen atoms i n long-lived high-Rydberg s t a t e s have v i b r a t i o n a l S t a t e s diminish by a f a c t o r of about two.
been produced i n t h e d i s s o c i a t i v e e x c i t a t i o n of N2 by
The d i f f e r e n t i a l c r o s s s e c t i o n s a t 25' f o r the e x c i t ae l e c t r o n impact. Four p r i n c i p a l f e a t u r e s were found i n tion t o the albg and bl+ metastable s t a t e s a r e i n t h e t h e -o f -f l i g h t d i s t r i b u t i o n s o f t h e d i s s o c i a t i o n s u s t a n t i a l agreement v i f h t h e r e s u l t s of Trajmar e t fragments and i n t h e corresponding t r a n s l a t i o n a l Lkinetal'. and S h w peak. near 8.0 ev and near 9.0 ev reapeci c ) energy d i s t r i b u t i o n s . Appearance p o t e n t i a l s and t i v e l y . The v i b r a t i o n a l and e l e c t r o n i c c r o s s s e c t i o n s e x c i t a t i o n hrnctiona were measured f o r t h e high-Rydberg i n t h e range 4 -15 ev a r e i n t e r p r e t e d i n terms of t h e a t o n s ; f o r t h e slowest fragments t h e e x c i t a t i o n hrncresonant contributions of excited 0 5 s t a t e s . t i o n e x h i b i t s sharp. resonance-like s t r u c t u r e near threshold. The core-ion model of high-Rydberg disaocia-*Work supported by NSF and by DNA through ARoD. t i o n , which t r e a t s t h e Rydberg e l e c t r o n e s s e n t i a l l y a s lS-Trajmar, D. C -C a r k i g h t , and W. Williams, Phys.
a s p e c t a t o r i n t h e d i s s o c i a t i o n process, i s used t o Rev. A 6,1482 (1971). i n t e r p r e t t h e d a t a i n terms of t h e dissociative core i o n s t a t e s of N2+ end t h e a p p r o p r i a t e d i s s o c i a t i o n l i m i t s . I n a d d i t i o n , t h e high-Rydberg k i n e t i c energy distribu-
HA-6 Light Emission from ~e + /~a r e Gas Collisions. 8. M . 
I. INTRODUCTION
Many experimenters have used the optical method to examine the phenomenon of electron-exchange excitation in electron-atom collisions. Particular emphasis has been given to the study of the triplet levels of the He1 spectrum since they can be directly excited only through the exchange mechanism. Absolute measurements of the direct-excitation cross section and i t s dependence upon incidentelectron energy have been obtained for several of the He1 triplet levels. However, discrepancies presently exist between many of these measurements and the corresponding theoretical predictions. One example is the apparent discrepancy between theory and experiment in predicting the relative energy dependence exhibited by the directexcitation cross-section curve (excitation function).
In the case of helium the Born-Oppenheimer theory predicts that triplet-state excitation functions will have a peak just above the threshold energy and then experience a rapid monotonic decrease with increasing energy of the incident electron. This rate of decrease of the direct cross section with electron energy E is calculated to be E-a, E -3, and E -' for the 'S, 3P, and 3D levels, respective1y.l Calculations of the direct-excitation cross section carried out using the expansion technique of Ochkur and Bratsev predict a E-' dependence for all of the triplet-level c r o s s s e~t i o n s .~ Previous experimental studies of this energy dependence have produced contradictory result^.^ The theoretical calculations become more valid a t the higher energies (above 100 eV). However, this is a difficult region to interpret experimental results because secondary excitation mechanisms, such a s radiative cascade, generally make significant contributions to the low-level optical measurements. The 4 %, 3 3P, and 3 3~ apparent-crosssection energy dependence determined by Kay and Showalter' indicates a single E -3 dependence for the 43S cross section for the higher energies. However, they found that the 3 3 P and 33D levels have excitation functions which exhibit a far more complicated energy dependence at these higher energies. A log-log plot of their apparent cross section versus incident-electron energy shows that the 3 P-and 3 3~-l e v e l excitations each exhibit a E-I dependence for energies above approximately 100 eV. Subtracting this energy dependence from the original data points leaves a second component that varies a s E-'.' and E".' for the 3 3 P and 3 3D, respectively. The slow components a r e attributed by the authors of Ref. 4 to the effects of secondary excitation on the levels in question.
The present work uses time-resolved spectroscopy to determine the energy dependence of the direct-excitation cross section. The effects of secondary excitation mechanisms which have temporal decay rates different from the radiative rate of the upper level of the transition under study are subtracted off from the total light intensity. This technique provides direct information about the excited-atom density produced by direct electronimpact excitation. The time-resolved technique is a simple and useful method to isolate, identify, and quantitively measure the effects of secondary excitation mechanisms and therefore can be used effectively in conjunction with absolute-intensity measurements to determine direct-excitation cross sections.
The time-resolving apparatus shown in Fig. 1 was similar to that used in our previous experiments.' Helium gas passed through a cooled trap and into the excitation chamber through a small orifice. The rate of helium-gas flow was held . . Research Laboratories, Office of Aerospace Research. target gas pressure. Radiative cascade transitions from upper n3S and n3lI s t a t e s wer observed to contribute about 10% of the total 138891 light ou.tput a t 40eV. This fraction increased t o about 50% a t 400-eV electron impact energy.
Yithin xperimental e r r o r , the energy dependence of the 3jP d i r e c t excitation cross section was observed t o decrease with increasing energy according to the relation (~ner9. -19, 274 (1965) sions excited in the gas by secondary and ptimary elec-* Work supported by the I,lational Science Foundation trons were monitored for pressures from 10-to 1 Torr. Secondary and primary electron contributions to the tofA excitation of a band were separated using a movable optical detector that scanned luminosity profiles in the reaction chamber. Second positive (LPG) bands of were excited solely by secondary electrons, whereas The present results were compared with atmospheric observation of e-H collisions as i t permitted direct determination o f tie molecular number density. ~~~i~~-measureme~~ts of auroral emissions and electron spectra. tion functions measured were for: (a) e-HZ collisions in the flow system yielding molecular lines, 5 lines with the Wood discharge off and on; (b) e-HZ collisions in the s t a t i c system and i n the flow system with the Wood discharge off yielding atomic Balmer lines through dissociation and excitation, H, and Hg; (c) e-([++HZ) collisions i n the flow system with the Wood discharge on OC7 S c a t t e r i n g o f A1kkal.i.&-alides BY Low Enerryielding Balmer l i n e s , 1. 1 and Jig Subtraction of (b) type data from (c) type %ata yielded e-H collision data.
g y E l e c t r o n s , * M. G. F i c k e s , R. C . S l a t e r , Relative excitation functions were obtained in each case a n d R. C . S t e r n , _C-o_l=bbi_q g. --L a b o r a t o r y d i ffrom onset t o 190 eV and absolute cross sections were f e r e n t i a l c r o s s s e c t i o n s . f o r t h e s c a L t e r i n g o f obtained for e-H2 collisions leading to H, and Hg Balmer thermal beams of CsC1, KI, and =lF by 0.5 to 1 ines .
' Work supported by AFOSR. Grant AF-AFOSR 71-2051.
1 5 eV e l e c t r o n s h a v e h e e n m e a s u r e d u s i n g t h e m o l e c u l a r beam r e c o i l t e c h n i q u e . A n o v e l k in e m a t i c a n a l y s i s i s u s e d t o t r a n s f o r m a n a s - C . S l a t e r , M. G. F i c k e s , a n d R. C . S t e r n , the relative intensities of the MJ = 3/2 + 1/2 and Phys. Rev. L e t t e r s s, 333 ( 1 9 7 2 t i m e d e p e n d e n c e fie;, a n d CS+ we c o n t a i n i n g s m a l s p e c t r o s c o p i c t i o n s i n the r a n h e l i u m , a n d u p o f t h e CS+ d e c a histogram was examined for evidence of a decrease in count rate due to ions being removed from the primary beam by action of the light pulse of the laser. An increase over the background count rate would be expected when the quadruple mass filter was tuned to pass a product ion if this ion was produced from the primary ion beam. Due to statistical variation in the count rate of the primary beam, appearance of ~r o d u c t ions was a much more sensitive mode of '~ -observing a reaction in the primary ion beam.
There was no indication of photodissociation of the hydrated oxonium ions (HaO)+*(H20), for n= 1-3. only an upper limit to the cross section could be inferred. since no definite signal was found, the stan-" dard deviation of the background signal was evaluated and used as the reported upper limit on the cross section. This cross section was found for each parent ion for narrow band radiation at 5800, 5900, 6000, 6100 A and for broad band radiation. These results for both broad band and narrow band conditions are summarized in Table I . Variation in the upper limits placed on the cross section reflect limits produced by experimental conditions rather than any indication of probable value of the true cross section.
The upper limits on the cross sections given above are not sufticient to be used alone to predict the importance of photodissociation in the atmosphere on these ions since only a few percent of the energy of the solar spectrum available for these processes lies in the wavelength range investigated and it is at least conceivable that the photodissociation cross sections have structure such that large cross sections occur in the solar wavelength range which were not detected in the limited spectral range studied here. This possibility is actually unlikely, since the weak bond energies characteristic of the cluster ions is largely electrostatic in character. The electronic transition energies in the clusters are probably only slightly perturbed from the values in the separated fragments and therefore correspond to energies well above the photon energy of the experiment (or well above the energy of the bulk of the solar photon flux). Thus it is unlikely that the true photodissociation cross sections are a s large as the upper limits established here for wavelengths anywhere in the visible or longer wavelength spectral region. I n this note we report the measurement of the absolute cross sections for the collisional reaction H( 1s) +T+H(4s) + T* where T represents groundstate H2 or N2 targets and T * represents these targets in final states which include excited states as well as ground states. The kinetic energy range of the H-atom projectiles was from 10 to 35 keV.
T H E J O U R N A L O F C H E M I C A L P H Y S I C S V O L U M E 5 7 , N U M B E R
The technique and apparatus was similar to that used by Hughes ef al. ' for the measurement of excitation to the n = 3 level of H by H(1s) impact on gases. A magnetically selected proton beam passed through a differentially pumped neutralizing chamber into an evacuated chamber where a strong transverse electric field swept the remaining protons from the beam, The neutral beam component then passed through a differentially pumped collision chamber containing the target gas where the excitation took place. The beam then entered an evacuated observation chamber where the excited fast atoms decayed in flight. An EM1 9558B photomultiplier fitted with a Baird-Atomic B1 Hg (4861 1 ) interference filter, which has a bandpass of about 75 A, monitored the 4 4 2 radiation from the fast atoms as a function of distance from the exit aperture. The neutral beam flux was measured by a secondary electron detector. The apparatus is essentially described in Ref. 1. In this experiment the Hg radiation was measured a t distances larger than 50 cm from the exit aperture sumption is that the field of the proton is important only in that it determines the orbital contribution to the electron velocity relative to the target atom and determines the binding energy of the electron. The energy required to f r e e the electron from the projectile atom is supplied by the collision between the electron and the target atom. The problem is basically reduced to an electron-atom collision process. In the Bates-Walker formulation, the experimental c r o s s section for scattering of electronse from the target gas is folded into the stripping calculation. Gilbody et a1. have measured stripping c r o s s sections for H(2.s) impact on H,, N,, Ne, He, Ar, and Kr in the 10-30-keV range and found that the Bates-Walker calculation badly overestimates the stripping for impact on Ar and Kr. Hughes and ~i s n e r~ have pointed out that if the screening of the proton can be neglected in the scattering of the orbital electron f r o m the target atom, as suggested by Bates and Walker, then the screening of the proton by the electron can also be neglected. In this approximation, electron capture also becomes an important process in quenching excited states in the projectile atom. Hughes and Kisner measured the collisional destruction of the 3s state in the fast hydrogen projectile and found they could fit their data to a model which incorporated both stripping and electron capture.
However, Gilbody et al.' dismiss electron capture a s an important process in the collisional destruction of 10-30-keV H(2s) on the basis of small cross sections for the production of H-by H(2s) impact. Thus some interesting questions have arisen regarding charge-changing collisions involving excited hydrogen atoms. Figure 1 i s a schematic diagram of the apparatus. A mass-analyzed beam of protons entered a differentially pumped neutralizing chamber filled with the same species a s the target gas in the collision chamber C. The partially neutralized beam passed through the exit aperture of the neutralizing chamber into an evacuated region where a transverse electric field R swept the remaining protons from the beam. The length of the path through the electric field was dictated by the requirements that the protons be deflected from the beam axis and that only a minimal number of H (2s) be quenched in the process. This last requirement is equivalent to the statement v r > d , where v is the velocity, 7 is the lifetime of the 2s state in the electric field, and d i s the path length through the field. The path length of 54 cm satisfied these requirements in our energy range. After leaving the field, the beam was primarily composed of H(1s) and H(2s) atoms.
APPARATUS
The beam next passed through a Stark quenching assembly A. This electrode assembly consisted of five plates, spaced 1 c m apart, each with an
INTRODUCTION
Bates and walker' have treated the collisional ionization of f a s t excited hydrogen atoms passing through a neutral gas. One of the basic assumptions of their theory is that the field of the nucleus of the fast atom i s important only in that it determines the orbital contribution to the electron velocity relative to the target atom and also determines the binding energy of the electron. They assumed that the energy required to set the electron free would be provided in the elastic collision between the electron and the target atom. Thus by neglecting the field of the nucleus, the problem is reduced to an electron-atom collision.
They developed a formula in which the experimentally determined total electron scattering cross sections2 a r e used. They computed electron-loss cross sections for impact on N,. At the n = 3 level and for energies beyond 10 keV, the computed electron-loss cross section versus atom velocity curve lies close t o the total electron cross section versus electron velocity curve. he electron velocity approximates the fast-atom velocity in our energy range beyond 10 keV since the translational velocity of the center of mass i s larger than the mean orbital velocity of the electrons. ) This was the only quenching mechanism they considered.
APPARATUS AND PROCEDURE
Protons were passed through a differentially pumped 8-cm-long collision chamber. The partially neutralized beam passed through the exit aperture into an evacuated observation region. The beam was highly collimated s o that no protons intercepted the edge of the &-in. -diameter exit aperture. An EM1 9558B phofomultiplier fitted with an H, interference filter detected the 3s -2p radiation at a distance of v r from the exit aperture, where v is the atom velocity and r is the lifetime of the 3s state (160 nsec). At this point we were assured that the shorter-lived 3d and 3p states had decayed to a negligible fraction of the light. An expression has been developed which describes the buildup of fast excited atoms in such a collision chamber. It can easily be modified to the form used in this experiment:
where I i s the intensity of the 3s -2p radiation emanating from the beam; n! i s the proton density in the beam at the entrance aperture of the collision chamber; p is the target gas density in the collision chamber; K h a constant at a given energy; L i s the collision chamber length; o, the total stripping c r o s s section; a , i s the total electron-capture cross section; Q, is the c r o s s section for excitation of groundstate hydrogen atom to the 3s state by atom impact on the target gas; Q i s the cross section f o r electron capture into the 3s state of hydrogen by proton impact; a = pLQ,, where Q, i s the cross section for collisional destruction of the 3s state; P = pLo, ; and y = pLo, .
The intensity of the 3 s -2p light was measured a s a function of the target gas pressure in the collision chamber. The proton density n! was determined by using asecondary electron detector. The secondary electrondetector measuredthe total particle density in the beam since neutrals, produced by charge transfer in the collision chamber, and protons have nearly the s a m e detectton efficiency.' The gas density p was measured with a calibrated ion gauge. The quantities a, and a, were taken from Allison. The c r o s s section Q was obtained from Hughes et al.' and the cross section Q, was taken from Hughes et a1 . ' Figure 1 shows a computer fit of Eq. (1) to data for impact on Ar using Q, a s the fitting parameter. In principle, two points on the I/& versus p curve is sufficient to make one determination of Q, . 
INTRODUCTION
There have been several measurements of the collisional excitation of fast ground-state hydrogen atoms by impact on gases: Excitation to the n = 2 states has been studied for impact on the r a r e gases, '" Hz, N, , 8.7, 4 and 0,. Excitation to the 3s states has been measured f o r impact on N,. Excitation to the n = 2 and n = 3 level has been treated theoretically for impact on H by Bates and Griffin. ' Levy has recently treated excitation to the n = 2 states for impact on the r a r e gases. I" This investigation reports measurements on the excitation to the 3s, 3p, and 3d states in the energy range from 10 to 35 keV for impact on He, Ne, Ar, Hz, OZ, and N,.
APPARATUS AND ANALYSIS
The apparatus is similar to that used in the study of excitation to the 3s state by impact on N, .
The collimation of the beam was increased f o r this experiment s o that the beam emerges from the l/l6-in. -diam exit aperture of the collision chamber with only minimum interaction with the aperture edges.
The neutral beam density was measured by secondary electron emission from a nickel target. Calibration was accomplished by comparing with a proton beam at the same energy. The efficiency for secondary emission for neutral impact was taken to be 1.09 times that of protons in this energy range.
Two collision chamber lengths were used to check the excited atom buildup, 5 and 8 cm.
chamber. The 9558B EM1 photomultiplier recorded the intensity of the Balmer ol emission a s a function FIG. 1. Decay of Ha light from hydrogen atoms emerging from a collision chamber filled with Ne as a target gas (chamber length 5 cm). The distance (x) is measured from the exit aperture. The 3d decay is obtained by subtracting the long-lived 3s decay from the total decay curve circles, and the 3p decay is obtained by subtracting the The final data were obtained using the shorter longer-lived 3d from the remainder. ionization and excitation of He under electron impact has been determined by two different groups with results that a r e in very close agreement. l p 2 However, these experiments simply measured the total light output and did not resolve the fine-structure components in the line. Some means of resolution must be used in order to determine the cross section for exciting the individual fine-structure levels.
There a r e at least two ways that this line complex, which consists of the 4 s -30, 4 p -3 s , 4p -3d, 4d-3p, and 4j-3d transitions, might be resolved.
The frequencies of many of these components a r e sufficiently different that high-resolution interfer- 
IV. DISCUSSION
The r e s u l t s obtained in this paper for the charge- 
Lyman-a (2p -Is) radiation f r o m fast-proton im-where the underlined s p e c i e s represent the fast pact on Hz can be produced by s e v e r a l reactions.
particle. Reactions (I), (2), and (3) produce slow They a r e Lyman-a emitters by dissociative excitation of the
H + + H z -H ' + H + H ( 2 P )
- 
ture by the incident proton.
-H + -H'+H(2p) (3)
Production of Lyman-a radiation by proton im-INTRODUCTION Vroom and de Heerl have measured the absolute cross sections for the production of the Ha and HB emissions by the impact of fast electrons on Hz. We report similar cross-section measurements within a more restricted energy range which are in agreement with their results within experimental error. Our cross sections are about 25% lower. In addition, we have attempted to analyze the decay modes in these radiations by time-resolved spectroscopy.
The production of Ha (n=3-+2) and Hs (n= 4-2) emissions by electron impact on Hz can result from the possible dissociative reactions e+H,-+e+H+He,
(1) e+H2-+2e+H++H*,
e+ H.,-+H-+ H*, (3) where H* represents the appropriate initial excited states that decay with the emission of the H, and Hs radiations.
Absolute cross sections for populating these excited states would be of interest. This is not a particularly easy problem, however. The energy spacing between atomic fine-structure levels are very small and are subject to Stark mixing according to the environmental conditions in which the emitting atom finds itself in the collision chamber. Thus, it may be that the emission cross sections for Ha and Ho may be dependent on the conditions under which the esperiment is performed.
Under time-resolved spectroscopy, Ha radiation should exhibit primarily 3s, 3p, 3d, and 4f decays which have field-free lifetimes of 160, 5.4, 15.6, and 73 nsec, respectively, if perturbations and cascade from levels n > 4 can be neglected. (Cascade from n = 4 states to the n = 3 level, other than 4 j cascade, is neglected in the preceding statement because of unfavorable branching ratios.) Under these same conditions, the Hg radiation should exhibit 4s, 4p, and 4d decays having lifetimes of 230, 12.4, and 36.5 nsec, respectively.
STARK-EFFECT CONSIDERATIONS
Bethe and Salpeter2 treat Stark mixing of the finestructure levels in atomic hydrogen by static electric 2 fields. They define a "critical field'' as the minimum electric field that will produce full mixing of the states in question. They are particularly concerned with levels of equal j since these states are generally the most sensitive to mixing. I t is found from their treatment that critical fields for 3~1~r3pi~z, 3$3/~3d312, ~S I I Z -~~I I Z , 4p31dd31~, and 4~alr4fslz mixing are approximately 60, 2, 12, $, and 2/100 V/cm, respectively.
A second Stark-mixing mechanism is the dynamic effect of the passage of charged particles in the presence of the excited atom. PurcelP has estimated the effect for the 2s state. Wilcox and Lamb4 have applied his treatment to the 3s state. In Purcell's approximation, if the given relative velocity of the perturbing charged particle is sufficiently large, the time-varying electric fields will induce a transition rate between electricdipole-coupled levels that is proportional to the density of charged particles.
APPARATUS
Absolute cross-section measurements were obtained with the electron-impact apparatus used in a previous investigation! Spectral isolation was accomplished by using a Jarrell-Ash 500-rnrn Ebert spectrometer with a spectral slitwidth of about 12 A. An EM1 6095 B photomultiplier was used as the detector.
The time-resolved investigation used the apparatus which has been described by Pendleton and Hughes.= Spectral isolation was accomplished by using a Bausch & Lomb 500-mm n~ono$hromator having a spectral slitwidth of about 20 A. An EM1 6255 B was used for the Hs decay investigation and also for the bulk of the Ha decay investigation. This tube has a response time of about 10 nsec. The turnoff time for the electron beam was typically 8 nsec. (An ERII 9558 B was used for a portion of the Ha study.) Figure 1 shows the results for the cross-section measurements for Ha and H p emissions. These emissions were linear with pressure between 3 and 25 mtorr and linear with current between 6 and 100 PA. The beam diameter was generally Iess than 1 mm.
RESULTS
The beam image on the slit was reduced by 3 to insure all wanted radiation being collected, tion of a! and q/qO. The above argument leads to the prediction that in the low-density limit F =a.
Thus, the velocity autocorrelation functiokl in two dimensions decays a s s-' a t any finite density, leading to a divergent diffusion coefficient a t any nonzero density. This result is in contradiction to previous theories on the density expansion of the diffusion coefficient away from the low-density limit. The study of the late-time autocorrelation function a t very low densities by molecular dynami c s is unfortunately very difficult since the system must be s o large that a molecule undergoes many collisions before a sound wave travels across the size of the system. The hydrodynamic model, a s discussed so far, cannot reverse the velocity of the region initially in motion, and thus cannot reproduce the negative
I. INTRODUCTION
Theoretical cross-section calculations employing the Born and the Born-Oppenheimer approximations yield results which underestimate the excitation of the 3'0 and 33D levels by electron impact when compared with experiment. This is the case even a t energies where the Born approximation is expected to be valid. In order to make a valid comparison between experiment and theory, however, it is necessary to properly correct the experimental measurements for the effects of secondary excitation processes, such a s cascade (radiative transfer from higher states).
Radiative transfer from F states that have been excited by direct electron impact can play an important role in populating the 3 ' p3D levels, according to recent measurements of Jobe and St. John. They obtained very large c r o s s sections for the excitation of the 4 F levels by electron impact. However, the measurement of F-level excitation requires care, since these levels a r e sensitive to the collisional transfer reaction, n 'P-nF. This reaction has been previously studied by Kay and Hughes3 using time-resolved spectroscopy, whichis apowerful tool in the analysis of secondary excitation mechanisms. Employing this method, cascading levels can be identified by their characteristic lifetimes, and their contribution to the population of the level in question can be determined absolutely.
This paper describes an experiment in which excitation of the 3 '0, 3 3D, 4 I F , and 4 3F levels by electron impact is measured by applying timeresolved spectroscopy to the 3 ' D -2 'P (X6678K) and 3 3D-2 'P (~5 8 7 6 A ) transitions.
I!. EXPERIMENT
three basic components: (1) an excitation tube, vacuum system, and source of helium atoms; (2) an electron gun to provide a gated electron beam of controlled energy into a field f r e e collision region; and (3) photometric equipment to detect and record the radiative decay of the excited atomic states a s a function of time after cessation of electron excitation. A block diagram of the apparatus is shown in Fig. 1 . Helium gas is allowed to enter the excitation tube through a cooled trap containing charcoal granules. The excitation tube is sealed off from the vacuum system, and the helium gas pressure is determined by means of a trapped McLeod gauge. The cathode and grid structure of a 6EM5 beampower pentode tube a r e used a s an electron gun to provide a sheet beam of monoenergetic electrons. The gun is biased to cut off by application of a negative dc potential on the control grid. A positive pulse, sufficiently large to cause the 
